We often encounter difficulties in analyzing pesticide residues in food, since the residue level to be measured is infinitesimal but the food samples may contain a variety of matrices, including interferences, for chromatographic analysis. Thus it is important to find out the key points to be checked in the extraction, purification, and determination steps of analysis. We have attempted to develop practical technologies for the analysis of pesticide residues in raw agricultural commodities based on the following studies: The effect of processing and cooking on pesticide residue levels in several crop samples (rice, wheat, soybean, and sesame) was investigated. The processing factor is useful to estimate the amount of exposure to each pesticide residue for risk assessment and is helpful in setting the maximum residue limits of processed foods. In addition, residue levels in the peel and pulp of watermelon, melon, and kiwi fruit samples were examined to confirm the differences in the distribution of residues. As a basic study, the effect of watersoaking pretreatment of powdered dry cereal on extraction efficiency was examined, and an optimal time for water-soaking was found. A recent study examined the ability of several new types of solid-phase extraction columns to remove matrices in brown rice samples and verified the effective purification method for each sample.
Introduction
The principal procedures for the analysis of pesticide residues in food generally consist of the following four steps: 1) sample preparation, 2) extraction, 3) purification, and 4) determination. This principle is the same now as formerly. However, the details of each step have been changed in accordance with the development of new analytical instruments and purification tools.
Before the 1980s, the main analytical instrument was the gas chromatograph (GC), due to the chemical properties of pesticides and the performance of instruments. In the case of pesticides that could not be directly measured with a GC, derivatization was conducted before the analysis. After that, the separation column of the GC was changed from a packed column to capillary one. As to the general-purpose type of GC, a megabore column (0.53 mm I.D.) that can be used at the same gas flow rate as a packed column had become effective. In addition, the gas chromatograph-mass spectrometer (GC-MS) and highperformance liquid chromatograph (HPLC) were introduced into practical use. Consequently, the HPLC was used to analyze chemicals such as polar pesticides that cannot be directly measured with a GC. For the process of purification, a commercial solid-phase extraction column (mini-column) had come to be used more frequently than an open column packed with sorbent in a chromatographic tube. This led to a significant reduction in the volume of solvent used and a shortening of the time required for purification. In the 1990s, the liquid chromatographmass spectrometer (LC-MS) was developed, and the basis for its practical use was established along with the appearance of atmospheric pressure ionization (API) methods, including electrospray ionization (ESI), atmospheric pressure chemical ionization (APCI), and atmospheric pressure photoionization (APPI). Thereafter, rapid progress in the development of measuring instruments was made, and the LC-MS(/MS) and GC-MS(/MS) became the major instruments for pesticide residue analysis in food in the 2000s. Furthermore, an ultra-high-performance liquid chromatograph (UHPLC) with a high-pressure liquid transfer ability has been developed. As a result of this and the increased sensitivity of measuring instruments, the sample amount required for analysis has been reduced to about 1/5 of that in the previous analysis, which is due to the increase in sensitivity of measuring instruments.
Under these circumstances of pesticide residue analysis, we have conducted various studies with special attention to the following issues: 1) the effect of processing and cooking on pesticide residue levels in raw agricultural commodities (RACs), 2) the distribution of pesticide residues in the peel and pulp of watermelon, melon, and kiwi fruit samples, and 3) check points to be considered for extraction and purification in pesticide residue analysis. This manuscript describes the results of these studies, providing new information on pesticide residue analysis.
Effect of processing and cooking on pesticide residue levels
Although agricultural, stock farm, and marine products can be eaten raw, they are usually cooked or processed for eating. Accordingly, it is important to determine the actual residue levels of pesticides in not only RACs but also cooked and processed foods and to provide information on the precise estimation of residue intake through foodstuffs. The precise estimation of pesticide residue intake through foodstuffs would be helpful to set the maximum residue limits (MRLs) for pesticides in agricultural products at harvest and also to monitor the residue levels in those products when marketed. The crop samples were examined for changes in the residue levels of pesticides during processing and/or cooking process after harvest. The present study was aimed at the estimation of pesticide residue intake through food and the effects of processing and cooking on the pesticide residue levels in foodstuffs after harvest.
The residue levels of pesticides in several crop samples at harvest were compared with those after processing and/or cooking, and the residual amount ratio (RAR, %) to the initial value was calculated on the basis of the total amount of pesticide residues for each crop sample. In addition, the processing factor (Pf) was determined by dividing the concentration (mg/kg) of pesticide residues in processed and/or cooked products by the initial concentration in the original crop sample at harvest. The Pf is useful to estimate the exposure amount of each pesticide residue for risk assessment. It is also helpful to set MRLs for processed foods. The correlation of these RARs and Pfs with the physical and chemical properties of pesticides was also examined. The results of these investigations on each crop sample were as follows. 5) Test samples were prepared after the preharvest application of pesticides in Japan and the USA.
Rice sample
The effects of processing and cooking on the pesticide residue levels in rice samples were investigated for 12 pesticides. The processing and cooking methods are shown in Fig. 1 . In the polishing process, the RARs (%, total pesticide residue amount in the product/that in brown rice) of polished rice ranged from 9.7 to 65%. These values varied from pesticide to pesticide. The Pfs [pesticide concentration (mg/kg) in the product/that in brown rice] of polished rice ranged from 0.11 to 0.73 ( Table 1 ). The loss of pesticides during processing and/or cooking did not correlate to any single physical or chemical property. Investigation of the changes in pesticide residues during processing and/or cooking is useful not only to establish MRLs but also to recognize actual levels of pesticide residues in food. The concentrations of pesticide residues were determined using a GC(NPD), an HPLC, a GC-MS, or an LC-MS. [6] [7] [8] Test samples were prepared after the preharvest application of pesticides in Japan, the USA, and Australia. The effects of processing and cooking on the pesticide residue levels in wheat samples were investigated for 10 pesticides. The processing products includes primary products (milling process: bran, shorts, flour, and rest flour) and secondary products (making bread [using flour and whole wheat], lumps of udon [Japanese wheat noodle] and Chinese noodle). In the milling process, the RARs (%, total pesticide residue amount in the product/that in wheat grain) of wheat bran were greater than 70%. The RARs of flour ranged from 1.7 to 23%. The RARs and processing factors for the primarily processed products showed no significant differences among the pesticides investigated, but those for the secondarily processed products exhibited a marked difference between pesticides with and without susceptibility to thermolysis/hydrolysis. Ethylene thiourea (ETU) was detected in all samples containing moncozeb residues. The degradation from moncozeb to ETU was confirmed to be accelerated during the process of baking bread by heating (Fig. 2) . The Pfs [pesticide concentration (mg/kg) in the product/that in the wheat grain] of flour ranged from 0.030 to 0.46 (Table 2 ). The pesticide residue concentrations were determined using a GC(NPD), an HPLC, a GC-MS, or an LC-MS/MS. 6, 9, 10) Test samples were prepared after the preharvest application of pesticides in Japan and the USA. The effects of processing and cooking on the pesticide residue levels in soybean samples were investigated for 19 pesticides. The processing and cooking methods are shown in Fig. 3 . In the soaking process, the RARs (%, total pesticide residue amount in the product/that in soybeans) of soaked soybeans were greater than 60% for most of the pesticides investigated. The RARs of soymilk ranged from 37 to 92%, and that of tofu ranged from 7 to 63%. The Pfs [pesticide concentration (mg/kg) in the product/that in soybeans] of tofu ranged from 0.026 to 0.33 (Table 3) . These values varied among pesticides. There was a high correlation between the log P ow and the residual ratio for tofu. The test described here should be useful to obtain the residual ratios of pesticide residues in the processing and/or cooking steps. The pesticide residue concentrations were determined using a GC(NPD, ECD), a GC-MS, an HPLC, or an LC-MS.
Wheat sample

Soybean sample
Edamame (immature soybean) sample
7)
The effects of processing and cooking on the residue levels of benomyl, which was applied preharvest and determined to be as carbendazim (degradation product of benomyl), were investigated. In the case of edamame, the RARs (%) of whole raw seeds as the edible portions were reduced to 1% after removing the pods. Although more than 70% of the initial residues were eliminated by transfer to the boiling wastewater, the RARs in boiled seeds increased slightly to 2.6-3.6%. This increase indicated that part of the residue was transferred from the pod to the seed portion during the boiling process. Removing edamame pods effectively reduced the benomyl residue. The benomyl residue concentrations were determined using an LC-MS/MS. 11) There are differences in the method of producing sesame oil between Japan and other countries. In Japan, roasted sesame seeds are used to produce sesame oil, and thus Japanese sesame oils are commonly dark brown in color. In order to verify these differences, sesame oils were prepared using raw sesame and roasted sesame. The effects of processing on the pesticide residue levels in sesame samples were investigated for 3 pesticides (A: pyrethroid, B: fungicide, C: insecticide). A and B are not used for this application in Japan. The RARs of all investigated pesticides in roasted sesame were A: 50%; B: 69%; and C: 3%. The value of C was especially low because it is thermally decomposable. These values varied among pesticides. The Pfs in roasted sesame, sesame oil (roasted), and sesame oil (raw) are shown in Table 4 . The pesticide residue concentrations were determined using a GC-MS, an LC-MS, or an LC-MS/MS.
Sesame sample
Distribution of pesticide residues in the peel and pulp of watermelon, melon, and kiwi fruit samples
Conventionally, the MRLs for RACs were basically adopted for the edible food portions in Japan, which was not the case in other countries. This inconsistency in MRL standards among countries was regarded as a trade obstacle for RACs. Therefore, international harmonization has been attempted to remove such obstructions. Recently, there have been some changes in analytical portions of RAC samples. In consideration of these circumstances, we conducted a study on the pesticide residue concentrations of whole watermelon, melon, and kiwi fruits, as well as distributions in the pulp and peel, and analyzed the obtained data. In the case of melon and kiwi fruit samples, the surface shape of the plant body appears to be a rate-limiting factor for the RARs because the abundance ratio of pulp could be influenced by the peel shape. 13) As shown in Fig. 4 , the pesticide residue levels in watermelon samples were investigated for 16 pesticides (large type samples) and 18 pesticides (small type samples). The pesticide residue concentration in small type samples was higher than that in large type samples. The peel of large type samples was thicker than that of small type samples. The RARs in the pulp tended to be higher in the case of lower log P ow pesticides with systemic action, although the ratio varied among chemicals. There was no noticeable difference in RARs between large and small type samples, but the values in the small type samples tended to be slightly higher than those in large type samples since the peel of the small type is thinner than that of the large type. 13) As shown in Fig. 5 , the pesticide residue levels in melon samples were investigated for 18 pesticides (netlike skin type sample) and 16 pesticides (non-netlike skin type sample). The pesticide residue concentration in netlike skin type samples was higher than that in non-netlike skin type samples. The RARs of lower log P ow pesticides with systemic action in the pulp tended to be higher than those of higher log P ow pesticides. This is similar to the result for watermelon. There was no noticeable difference in RARs between the two types. In the case of netlike skin type samples, the migration of high log P ow pesticides from the peel to the pulp after application might be inhibited. 13) As shown in Fig. 6 , the pesticide residue levels in kiwi fruit samples were investigated for 15 pesticides. Both the RARs (0.4-2.7%) and Pfs (0.0078-0.041) of all pesticides in the pulp were consistently low, suggesting that the migration of these pesticides from the peel to the pulp could be inhibited.
Watermelon sample
Melon sample
Kiwi fruit sample
Considerations for extraction in pesticide residue analysis
Extraction efficiencies of pesticide residue analysis in rice and wheat samples
14)
The effects of water-soaking pretreatment of powdered dry cereal using brown rice and wheat samples on extraction efficiency were examined. The recovery of four pesticide residues (carbaryl, malathion, diazinon, and fenitrothion) detected in brown b) The data were taken from the Pesticide Manual, 14th edition. c) Application rate (5X) as a relative ratio of the GAP maximum rate for pre-harvest treatment.
d) No application in Japan (reference data).
rice by acetone extraction without water-soaking was as low as 6-68% of recovery after a 30 min water-soaking pretreatment.
The optimal soaking time in water was 15 to 30 min for the powdered cereal samples. The relative recovery of spiked pesticides and residual pesticides was not always parallel between the two extraction conditions, i.e., acetone extraction with and without a water-soaking pretreatment. Pretreatment produced higher measured values in many cases but also resulted in lower values for some pesticides, such as malathion and diazinon. Soaking dry samples in water for 1.5-30 min as a pretreatment will result in a good residual pesticide extraction.
Liquid-liquid extraction versus a macroporous diatomaceous earth column
Recently, a macroporous diatomaceous earth (MDE) column was used as an alternative to liquid-liquid extraction (LLE). Both technical capabilities were compared with the n-hexane of recoveries for 206 pesticides. The recoveries are shown in Fig. 7 . Using LLE, the pesticides with high water solubility tended to have low recoveries. This is because the polarity of n-hexane is low for polar pesticides. On the other hand, the pesticides with low water solubility tended to have low recoveries using an MDE column. This is because pesticides in the aqueous phase retained on the surface of the MDE column were not well partitioned. Three hydrolyzed pesticides (dithianon, phoxim, and fluoroimide) showed no recoveries, since the MDE column is slightly alkaline. 5 . Distribution of pesticide residues in the pulp and peel of the melon sample (netlike and non-netlike skin types). The upper graph shows data for the netlike skin type sample. The lower graph shows data for the non-netlike skin type sample. The hatching of log P ow indicates that a pesticide has systemic action. The data are taken from the Pesticide Manual, 13th edition. 
Decrease in the matrix-enhancement effect on GC-MS determination
16)
The matrix removal ability of several new types of solid-phase extraction (SPE) columns was tested. E-HyCu is made of a new type of material, chemically modified carbon fibers, and can remove food components such as monoacylglycerols, tocopherols, and sterols. Z-Sep+ and Z-Sep/C18 are also new materials that contain zirconium dioxide. Z-Sep+ and Z-Sep/C18 are used for high lipid samples as the dispersive SPE in the QuEChERS method. We evaluated these sorbents as filled columns. In our previous studies, it was shown that when the multi-residue analytical method was applied, monoacylglycerols were the most significant components that caused a matrix-enhancement effect on pesticides in food when using a GC-MS. These new types of SPEs could remove not only monoacylglycerols but also fatty acids, tocopherols, flavonoids, and sterols. The matrix-enhancement effects were dramatically reduced in cases of approximately 260 pesticides spiked in brown rice extracts pretreated with these SPEs.
Conclusions
Several purification steps in pesticide residue analysis are no longer necessary, since the sensitivity of the instruments has significantly improved. However, problems with extraction efficiency remain, and problems with the matrix effects on measurement are more difficult to solve. The basic data obtained from our studies should be helpful for the precise estimation of pesticide-residue exposure levels from food intake and for setting MRLs. Furthermore, several investigations in our studies have suggested important points to be checked in the extraction and purification process for analysis. Processing and cooking test models for rice, wheat, soybean, edamame, and sesame samples were established and verified on a laboratory scale. The Pfs of the edible portions of products from each sample were obtained. These data are useful for exposure estimation. Data on the concentration of pesticide residues in whole and various portions (pulp and peel) of watermelon, melon, and kiwi fruits could be utilized as the basic data to establish new MRLs in the future.
It is important to verify and recognize the key points to be checked in the process of pesticide residue analysis. In addition, special attention should be paid to warning points that could be easily overlooked. We hope these data from our studies will be helpful to colleagues involved in pesticide residue analysis.
